Building energy assessment is usually performed based on fundamentals of the First Law of Thermodynamics, which is mainly concerned on quantitative energy aspects. However, this approach does not provide a faithful thermodynamic evaluation of the overall energy conversion processes that occur in buildings, and a more robust approach should be followed. This paper presents an exploratory work to study the relevance of Second Law analysis: in addition to the calculation of energy balances, the concept of exergy is used to evaluate the quality of energy sources, resulting in a higher flexibility of strategies to optimize a building design. In this context, a digression on the potentiality of constructal theory, that can be considered a law of thermodynamics, has been outlined.
INTRODUCTION
The rapidly growing world energy consumption [1] has raised concerns over supply difficulties, depletion of energy resources and negative environmental impacts. Nonrenewable fuels currently supply about 87% of the global total primary energy [2] , with fossil fuels accounting for 82%, to which oil, coal and fossil gas contribute 32%, 29% and 21%, respectively [3] . Within the European Union (EU), oil, coal and fossil gas provide about 37%, 16%, and 25% of the total primary energy use, respectively [4] . The International Energy Agency global energy system scenarios for anticipate that fossil fuels may increase in use and remain the dominant energy source [5] . Moreover, long-term energy mix scenarios by the Intergovernmental Panel on Climate Change suggest that fossil fuels are likely to contribute at significant levels in the year 2100 [6] . In the EU where buildings account for 41% of the total final energy use, efforts are ongoing to improve buildings energy efficiency and thereby reduce dependency on fossil fuels [7, 8] . Therefore, predicting energy consumption starting from the early stages of building design is important for energy and emissions reduction efforts. Predicting building energy consumption [9] is a complicated task since it depends on multiple variables such as building characteristics, energy systems characteristics, control and maintenance, weather parameters and behaviour of occupants. Buildings have also long life spans and energy use and emissions occur over the various life cycle phases, from the extraction and production of the building materials, transportation, construction, operation, maintenance/renovation to the demolition of the buildings. Low-energy buildings [10] are mainly achieved by increased use of materials such as insulation and glazing with improved transmittance-values to achieve better thermal performance and improved air tightness. Both the improvement of energy-efficiency standards and the deployment of low-energy buildings typically focus on reducing the energy use for building operation.
Building energy assessment is usually performed based on fundamentals of the First Law of Thermodynamics, which is especially concerned on quantitative energy aspects [11] . However, this approach does not provide an exhaustive thermodynamic evaluation of the overall energy conversion processes that occur in buildings, and a more robust approach should be performed. The exergy analysis [12, 13] is a useful method that combines First Law and Second Law perspectives and has been applied in many related engineering fields, such us building energy systems. This paper presents an exploratory work to study the relevance of Second Law analysis: in addition to the calculation of energy balances, the concept of exergy is used to evaluate the quality of energy sources, resulting in a higher flexibility of strategies to optimize a building design.
ENERGY ANALYSIS
The building energy model is based on the building energy balances for a zone and for a surface. It is considered as a one-zone model and all the walls are adjacent to the outdoor environment. More details on the mathematical description of the building thermal energy model can be found in the TRNSYS user manual [14] and in Ref. [15] . The building energy balance for a zone is a non-geometrical balance model with one air node per zone, representing the thermal capacity of the zone air volume. In the non-geometrical balance model any air point in the zone has the same properties (e.g. temperature and humidity). The building energy balance for a zone is shown as Eq. (1), which refers to the TRNSYS output in the multi-zone building component ''NTYPE 904'':
DQair/dt is the change of the thermal energy of the air in the zone in the time interval dt. 
EXERGY CALCULATIONS
For the exergy calculation, one has to set up the exergy balance equation for each sub-system as described in the following. First, one has to set up the energy and entropy balance equations of each sub-system which, are for a steadystate case: Having set up these balances, the next step is to assume a common environmental temperature for all of the sub-systems, T0 also is expressed in kelvin. The exergy balance equation then turns out to be the difference between Eq.(3) and the product of Eq.(4) with the environmental temperature.
Namely,
Where the first part of Eq. (5) is the the rate of exergy entering the sub-system, the second part the rate of exergy consumed and the third part the rate of exergy leaving the subsystem. In Ref. [16] , Appendix A, the exergy balance is referred to four sub-systems, namely the building envelope, the room air, the heat pump and the power supply, together with the human occupant behavioural model. The coefficient of performance (COP) of the heat pump is needed in order to estimate the value of exergy consumed in the heat pump subsystem. Angelotti et.Al. [17] calculated the COP according to the TRNSYS Library, as a function of the outdoor air temperature:
Where l1 and l2 are constants related to the chosen heat pump and θout is the outdoor air temperature in Celsius degrees. Eq. (6) is valid with reference to the case of heating the indoor air temperature to 20 °C. However, if the occupant behaviour has to be contemplated, the chosen indoor air temperature values are not necessarily the constants reported in textbooks and manuals. Consequently, both indoor and outdoor air temperatures should affect the COP value for the heat pump of the AC-unit: 
Assuming k1 and k2 constant, further calculations on the occupants behaviour can be found in Ref. [16] .
DISCUSSION AND CONCLUDING REMARKS: A CHALLENGE FOR THE CONSTRUCTAL THEORY
The energy conservation Law has been here outlined with reference to the building system. Therefore, the exergy balance has been performed as a complementary method to estimate quantity and quality aspects on energy utilization. The Constructal law was initially formulated by Bejan in 1996 [18] as a principle of generation of flow configuration: "For a finite-size flow system to persist in time (to live) it must evolve in such a way that it provides easier and easier access to the currents that flows through it". Ref. [19] illustrates why the constructal law is even a law of thermodynamics but it is at the same time distinct and/or complementary to the other principles of thermodynamics. The first law accounts for a quantitative energy balance while the second law significance is linked to the irreversibility or entropy generation that prevents us from extracting all possible energy as work from various sources. The concept of quality of energy sources and energy conversion is at the basis of the exergy calculations here performed in Paragraph 3. It is worth knowing that the First and Second Laws of Thermodynamics speak of systems (the building in the case here treated) intended as "black boxes". They do not say anything about the possible internal configurations: classical thermodynamics is not concerned with non-equilibrium flow systems. The time sequence of drawings towards optimal configurations is the phenomenon covered by the Constructal Law, which is now leading in many directions. In this context, the investigation aimed to enhance the building performance represents one of the most promising challenge for the Constructal theory.
